Background. Secondary hyperparathyroidism (SHPT) is frequent in haemodialysis (HD) patients. Oral cinacalcethydrochloride (HCl) decreases parathyroid hormone (PTH); however, real-life PTH data, according to Kidney Disease: Improving Global Outcomes (KDIGO) guidelines, are still lacking. Our goal is to assess the percentage of cinacalcet-HCltreated HD patients with controlled SHPT (PTH <9Â upper limit of the normal range) after 12 months (M12) of treatment.
INTRODUCTION
Secondary hyperparathyroidism (SHPT) is a common, serious and progressive complication of chronic kidney disease (CKD) [1] . It is mainly characterized by high serum parathyroid hormone (PTH), parathyroid gland hyperplasia and disturbance in mineral metabolism, mainly hypocalcaemia and hyperphosphataemia [2] . It begins before end-stage renal disease (ESRD) and worsens over time in haemodialysis (HD) patients. SHPT is one of the most important components of CKD mineral and bone disorder (CKD-MBD) syndrome [3] . This syndrome associates three major domains: biochemical abnormalities (calcium, phosphate, PTH, vitamin D, klotho, fibroblast growth factor 23 and sclerostin), cardiovascular calcifications and bone abnormalities. The ancient histomorphometric concept of renal osteodystrophy (ROD) has been redefined by Kidney Disease: Improving Global Outcomes (KDIGO) and includes now skeletal fragility parameters such as bone volume and mineralization [4] . Besides the mineral abnormalities, SHPT leads to several consequences including ROD and progressive vascular calcifications, which are often associated with increased risk of cardiovascular diseases, skeletal fractures and death [5] .
Initial therapy for SHPT in HD patients usually includes calcium salts, intestinal phosphate binders and vitamin D derivatives. The oral calcimimetic cinacalcet-hydrochloride (HCl) is often used later in the course of the disease in patients who fail to respond adequately to the previous treatments. Cinacalcet-HCl has been shown to be effective in reducing circulating PTH levels in HD patients with SHPT in several clinical trials [6] . One of these trials, the European Evaluation of the Clinical use of mimpara in Haemodialysis and peritoneal dialysis patients: an Observational (ECHO) study investigating the use and effectiveness of cinacalcet-HCl in real-world clinical practice, confirmed the efficacy of cinacalcet-HCl in reducing PTH [7] . In the French cohort of the ECHO study (485 patients from 44 centres), $30% of cinacalcet-HCl-treated patients reached the National Kidney Foundation-Kidney/Dialysis Outcomes Dialysis Initiative (NKF-K/DOQI) [4] recommended PTH target (between 150 and 300 pg/mL) after 12 months of treatment [8] .
Some patients appear to be insensitive or to exhibit a hyporesponsiveness to cinacalcet-HCl treatment. Likewise, it has been demonstrated that the number, size and nodular hyperplasia aspect of the parathyroid glands are known to importantly predict the response to cinacalcet-HCl in patients with advanced SHPT [9, 10] . Other reasons for an insufficient response to cinacalcet-HCl could simply be the lack of compliance to treatment and/or deficient therapeutic education provided to these patients. Indeed, reduced persistence, compliance and/or adherence with oral medications are a common problem, especially in CKD patients [11] , with non-adherence rates of 3-80% reported [12] [13] [14] . In a European retrospective observational study published recently [15] , it was observed that 23% of the incident HD patients discontinued their cinacalcet-HCl treatment after 1 year. This is an extremely important issue since the inconclusive results of the EValuation of Cinacalcet Therapy to Lower Cardiovascular Events (EVOLVE) study could hypothetically be due, to some extent, to lack of compliance [16] . Accordingly, the effect of cinacalcet-HCl was more pronounced among older patients (>65 years), in whom there was a higher frequency of cardiovascular events but who were perhaps also more compliant.
Taking into account that (i) KDIGO [5] , which recommends maintaining circulating PTH levels in the range of two to nine times the upper limit of the normal range (ULN) of the assay, is less conservative that the previous NKF-K/DOQI [7] , (ii) that the ECHO study was performed based on the NKF-K/DOQI recommended target values for PTH and (iii) that there is a lack of French data on this subject, it seemed appropriate to generate real-life data on PTH control in HD patients with SHPT treated with cinacalcet-HCl.
MATERIALS AND METHODS

Study design, data source, population and objectives
The Mimosa study is an observational multicentre study based on retrospective medical data analysis of a group of HD patients treated with cinacalcet-HCl between January 2005 and December 2015. Medical, biological and therapeutical data were properly registered on the same shared database (Hemodial TM System) for all these patients.
Seven HD centres using this database throughout France accepted to participate and provide data to be extracted and analysed (AURA Paris; Diaverum Paris; Clinique du Landy St Ouen; Polyclinique du Languedoc Narbonne; Hô pital privé d'Athis-Mons; Centre hospitalier Roubaix; Hô pital privé de Thiais). Patients' inclusion criteria were (i) age >18 years, (ii) ESRD chronically treated by HD and (iii) SHPT treated with cinacalcet-HCl, which had been initiated between January 2005 and December 2015.
The planned follow-up for the whole population was 3 years. The main goal of the Mimosa study was to assess the percentage of cinacalcet-HCl-treated HD patients with controlled SHPT according to the KDIGO guidelines, that is, serum PTH <9Â the ULN after a 12 month follow-up in real-life conditions; secondary objectives were (i) to determine the PTH course when treated with cinacalcet-HCl during 36-month (M36) follow-up, (ii) to identify the factors associated with uncontrolled SHPT after 12 months of treatment with cinacalcet-HCl and (iii) to evaluate the percentage of patients treated with cinacalcet-HCl with a decrease of >30% and >50% in serum PTH levels versus baseline after 12 months of therapy.
Data collected
No specific assessment was requested for the study as all data were collected from the Hemodial TM database according to particular specifications, including quality control.
No administrative authorizations or ethical committees (CNIL (Commission Nationale de l'Informatique et des Liberté s), CCTIRS (Comité Consultatif sur le traitement de l'information en matiè re de recherche dans le domaine de la santé )) were necessary because of the anonymous data. It was impossible to return to the patient file in case of missing data because of the anonymous data. All volunteer centres agreed with this study.
Baseline data (Month 0, M0) were defined as the date of first prescription of cinacalcet-HCl. For all biological data, the value considered for M0 was the closest before cinacalcet-HCl treatment initiation. Biological values corresponding to Month 3 (M3)-Month 36 (M36) were considered with a window of 61 month except for 12 months (M12) (62 months). The 'End of study' (EOS) time was defined as last data registered M36 after first prescription of cinacalcet-HCl (M36, 62 months) or the last data collected until the date of death, renal transplantation, lost to follow-up or change in HD centre if this date was <36 months after baseline date.
All centres had the same biological method of serum PTH measurement; therefore, the threshold defining controlled SHPT base on KDIGO guidelines was serum PTH between 130 (2ÂULN) and 600 (9ÂULN) pg/mL.
Statistical analysis
Data management and all statistical analyses were performed using SAS V R V9.3 software (NC, USA) and Stata. Statistical analysis was performed in the groups of patients for which data were available. The analyses were first descriptive and univariate, then comparative according to some specific groups of patients. Multivariate analyses were also conducted to describe the factors associated with PTH control or decrease after 12 months of cinacalcet-HCl treatment. Continuous variables were described by mean, standard deviation (SD), minimum and maximum, median and interquartile range (IQR); qualitative variables by frequencies. Continuous variables were compared between groups by Student t-tests in case of normal distribution and Wilcoxon-Mann-Whitney test otherwise. Qualitative variables were compared between groups using the Pearson Chi-squared test if all theoretical sample sizes were !5 or using the Fisher's test if <5. Percentage calculation did not include missing data. A logistic regression model was also performed to identify factors that independently correlated with uncontrolled SHPT after a 1-year treatment with cinacalcet. Significant factors in univariate analyses (P < 0.10) were included in the model by a stepwise procedure.
RESULTS
Flow chart
A total of 2151 patients were identified in the Hemodial TM database, but 883 were excluded from the analysis because they did not meet the analysis criteria, that is, one serum PTH value at baseline and at least another PTH value during the follow-up available in the database (n ¼ 793) or baseline serum PTH <300 pg/mL (n ¼ 90). Thus, data from 1268 patients were retained for analysis with a mean 21.2 6 12.6 month follow-up for this whole population. The pattern of patients is detailed in Figure 1 : overall, we identified 775 patients with available serum PTH at the beginning and at M12, of whom 645 patients who were still treated with cinacalcet-HCl after 12 months and for whom PTH values were available at that time in the database; 130 patients had suspended the drug (75 patients for side effects, 28 patients for interaction with a new prescribed drug and 27 patients for hypocalcaemia) (Figure 1 ). This constitutes the analysed population for the primary objective of the study.
Population characteristics
The main characteristics of the 1268 patients analysed are presented and compared with the characteristics of the 645 patients included in the primary analysis in Table 1 . No clinically significant differences are observed between these two populations except for the proportion of males, which is slightly higher in the latter. Their mean age was 64 years. The nephropathy was recorded as being related to diabetes mellitus for 24% of the patients, glomerulonephritis for 26%, nephroangiosclerosis for 19% and unknown for 11% of them. At the time of cinacalcet-HCl treatment initiation, most of the patients were dialysed for >4 years and had severe SHPT with a mean serum PTH of 915pg/mL, with a majority of the patients having a serum PTH > 600 pg/mL.
PTH control after 12 months of treatment
Among the 645 patients still treated with cinacalcet-HCl after 12 months and with serum PTH dosages available, 380 (58.9%) had serum PTH levels controlled according to KDIGO guidelines (i.e. <9Â ULN) at M12 and 265 (41.1%) patients uncontrolled SHPT (serum PTH !9Â ULN). Based on PTH decrease between baseline and M12, these numbers were, respectively, 369 (57.2%) and 276 (42.8%) patients for the decrease or not of >30%, and 265 (41.1%) and 380 (58.9%) patients for the decrease or not of >50%.
The main characteristics of these two groups of patients are presented in Table 2 . In univariate analysis, those with controlled SHPT based on KDIGO guidelines were older, had a higher body mass index (BMI), a less severe SHPT at the time of cinacalcet-HCl treatment initiation and a lower serum calcium and phosphate levels at baseline than those who remained uncontrolled after 12 months of treatment. In multivariate analysis, the factors that remained associated with uncontrolled SHPT (based on KDIGO guidelines) after 12 months of treatment were younger age and baseline higher serum calcium and PTH levels ( Figure 2 ). The same analysis was conducted to assess associated factors with SHPT control based on PTH decrease of >30% or 50% at M12 versus baseline with the same results (data not shown).
Most of the patients were initiated with cinacalcet-HCl 30 mg/ day and the mean dosage of cinacalcet-HCl increased afterwards to reach a mean dosage of 53.9 6 29.3 mg/day in the 645 patients still treated at M12. The mean dosage of cinacalcet-HCl at M12 was higher in patients with uncontrolled SHPT (i.e. PTH !9ÂULN) than in patients with controlled SHPT [respectively, 59.5 6 32.4 versus 49.9 6 26.3 mg per day (P < 0.0001)]. Concomitant therapies included for 35% of the patients calcium supplementation at a mean dosage of 2.4 6 1.9 g/day, 52% received phosphate binders at a mean dosage of 4.66 3.7 g/day (the most common being sevelamer), 45% received active vitamin D analogs at a mean dosage of 4.6 6 3.7 mg/week and at least 42% received natural vitamin D at a mean dosage of 27 160 6 808 UI/week. Figure 3 shows the PTH course during the 3-year follow-up of the 1268 patients included in the analysis: overall, severe SHPT was observed at the time of treatment initiation, followed by rapid decrease of serum PTH levels and a relative stabilization observed during the whole follow-up. The same figure is observed for the 645 patients still treated with cinacalcet-HCl at M12, for whom serum PTH course has been analysed.
PTH course during the overall follow-up
Considering the group of patients still treated with cinacalcet-HCl at M12 and for whom serum PTH dosages were available in the database at M0, M3/M6 and M12 (44 pts were excluded because of missing PTH at M3 or M6), we were able to identify four different groups of patients: those who were rapidly controlled (n ¼ 275, 45.8%), those who were rapidly controlled but escaped after 6 months of treatment (n ¼ 112, 18.6%), those with late control (n ¼ 75, 12.5%) and those who remain uncontrolled during 12 months of treatment (n ¼ 139, 23.1%) ( Figure 4 ). The main characteristics of these patients are presented in Table 3 . Patients in the 'early control' group seem to be older with a less severe SHPT at baseline. No clinically significant difference exists between the three other groups except for the patients in the 'escape' group who also seem to be younger than the others. The mean cinacalcet-HCl dosages at each time and in each group of patients are presented in Figure 5 : as expected, the dosages increased more intensively in the 'uncontrolled' group of patients than in the others.
DISCUSSION
The main results of this study demonstrated that, in real-life clinical practice, 59% of dialysis patients with SHPT respond satisfactorily after 12 months of treatment by cinacalcet-HCl and maintained PTH values within the KDIGO recommended range. However, the other 41% of patients remained with PTH values above the upper limit recommended by KDIGO. Moreover, these patients with uncontrolled PTH were significantly younger and had higher PTH and calcaemia at baseline when compared with controlled patients.
The present study provides important information regarding the response and the way cinacalcet-HCl is used in real-life Percentages are based on the total number of patients in each column for whom the answer is available. clinical practice in France. Its observational design and the use of the same Hemodial TM database allowed the assumption that all patients were harmoniously treated and monitored according to local practice at each one of the seven dialysis centres. There was no particularly or significantly different trend in demographic, clinical and biochemical data observed between centres. The studied population was also representative of the 45 000 French dialysis patients as evidenced by their comparable mean age, gender distribution, BMI, type of nephropathy and dialysis vintage as in the French registry Sytè me d'Information Multi-Source pour l'Insuffisance Ré nale Terminale [17] . At first glance, one of the most unexpected finding of this study was the irregularity in the implementation of KDIGO recommendations, in particular the frequency of PTH monitoring [4] . While KDIGO recommended assessing PTH every 3 months in CKD-5D patients, half of the patients could not be analysed at the M12 time point because of unmeasured or missing PTH data.
IQR serum PTH levels at the baseline in the present study ranged from 649 to 1090 pg/mL, reflecting a SHPT that could be considered as moderate in two-third of patients and as severe in the other third (PTH >1000 pg/L in 31% of them), and comparable to the distribution observed in many cinacalcet-HCl clinical trials, including ECHO, EVOLVE, BONAFIDE and PARADIGMA [7, 18, 19] , but slightly more severe than in other studies including ACHIEVE, IMPACT, OPTIMA, ADVANCE and INCIDENT, where median baseline PTH was on average around 500-550 pg/ mL [19] [20] [21] [22] [23] [24] . At baseline, 45% of patients were receiving active vitamin D analogues and 52% intestinal phosphate binders, with sevelamer being the most common type of phosphate binders used. The use of these medications was slightly lower than that of other studies, certainly reflecting the national reallife clinical practice [25] .
The primary criterion for the evaluation of cinacalcet-HCl efficacy in the control of SHPT has always been the decrease of serum PTH levels by !30% after 6 and 12 months of treatment. The results of the Mimosa study are consistent, confirmatory and extend these data. The proportion of patients whose serum PTH levels decreased by at least 30 and 50% at M12 were 57.2% and 41.1%, respectively. These results are $10% lower than those observed in prospective and more controlled studies such as OPTIMA [22] , ECHO [7] and INCIDENT [24] , where the proportion of patients with PTH decrease of 30% at M6 was of 71, 66 and 63%, respectively. This lower response seen in Mimosa study could partially be explained by the more severe SHPT and a longer duration of treatment with a part of non-compliance in our patients and cannot be associated with the prescription of a lower daily dose of cinacalcet-HCl. Indeed, the mean daily cinacalcet-HCL dose was of 54 mg, which was comparable to that of most controlled studies (OPTIMA: 57 mg/day, INCIDENT: 52 mg/day) [22, 24] .
As previously mentioned and as demonstrated by the Mimosa results, $30-40% of HD patients treated by cinacalcet- HCL either do not decrease their serum PTH by 30% or remain with PTH values above 9ÂULN. Importantly, not all resistant and/or hyporesponder patients behaved the same way. Four types of PTH trajectory could be identified: (i) PTH rapidly decreased from the cinacalcet-HCL initiation and remained controlled; (ii) PTH rapidly decreased but escaped after 6 months of treatment; (iii) PTH remained high during the first 6 months and then significantly decreased; and (iv) PTH remained high and uncontrolled during the 12 months of treatment (Figure 4) . Patients with the first PTH trajectory were older and had a less severe SHPT at baseline, which might explain the rapid response to cinacalcet-HCl. No clinical or biochemical significant differences existed between the three other groups except for the patients with the fourth trajectory who were younger than the others. As expected, mean daily dose of cinacalcet-HCl increased more intensively in this group of patients than in the others. What could be the reasons for the resistance or hyporesponsiveness to cinacalcet-HCL in these HD patients? Despite the absence of evidence in the present study, it could be hypothesized that (i) ionic and metabolic disorders [negative calcium balance, persistent hyperphosphataemia, hypomagnesaemia, metabolic acidosis, low vitamin D and decreased parathyroid calcium-sensing receptor (CaR), vitamin D receptor (VDR) and klotho/FGF-R], (ii) genetic abnormalities (polymorphisms/mutations in the CaR, VDR and other genes such as Arrestins, Dorphins, Filamin A, Ramps, G proteins, etc.) and (iii) compliance (incomplete or non-adherence to oral medication, intolerance and/or undesirable side effects) could be involved in the poor response to cinacalcet-HCl [11, 26] .
The last point is certainly one of the most common and realistic causes of the poor response to cinacalcet-HCl in these patients. It has been demonstrated that 23% of incident HD patients discontinued cinacalcet-HCl treatment after 1 year of follow-up [15] . Indeed, the medical management of SHPT in HD patients is complex. Its chronic condition and the high number of associated comorbidities and lifelong medication regimens decrease compliance and increase medication-related undesirable adverse reactions and wrongly administered medications. These problems are ranked among the most common causes for hospitalization and mortality [27] and are deemed to be preventable in >70% of the cases [28] . Dialysis patients often do not have enough therapeutic education, which would allow them to improve their persistence, compliance and adherence with oral medication. Any delivered but not-taken cinacalcet-HCl treatment incurs both direct and indirect cost, resulting in a clear inefficacy. Thus, preventive studies evaluating the clinical, biochemical and economic impact of pharmacotherapeutic educational programme and follow-up are highly needed in this patient population. One of the possibilities to bypass the compliance in HD patients could be the prescription of calcimimetics administered intravenously. They could be considered as an opportunity to improve outcomes by optimizing treatment for uncontrolled SHPT, but this must be further evaluated [29] .
The main limitation of this study is its retrospective and observational design, which resulted in several missing data, especially regarding other medications used for the treatment of SHPT and a loss of approximately half of the patient population at M12, mainly because of the unavailable PTH data. However, to our knowledge, this is the largest French 'real-life' study to assess the impact of cinacalcet-HCl pharmaceutical intervention in HD patients with SHPT patients.
In conclusion, in this clinical real-life study, 41.1% of HD patients with SHPT treated with cinacalcet-HCl remained with PTH values above the upper limit recommended by KDIGO guidelines after 12 months of treatment. Apart from the possibility of non-compliance, the severity of SHPT appears to be a major factor determining the response to cinacalcet-HCl treatment, reinforcing the importance to treat SHPT at earlier stages.
